We propose two-dimensional nonblocking low-power photonic switch nodes for networks-on-chip using multimode-interference-based waveguide crossing-coupled microring electro-optic switch array in silicon-on-insulator. High-performance multi-core processor design has been facing severe limitations of metal interconnection. In this respect, photonic networks-on-chip using silicon photonics technology offers a potential solution for low latencies and low power consumption which is independent on the data rate [1] . To this end, silicon microring resonator-based electro-optic switch array coupled with waveguide crossings can constitute a potential architecture for on-chip photonic crossbar interconnection. However, one key challenge in realizing such design in silicon is the considerable insertion loss and crosstalk imposed at the high-index-contrast submicrometer-sized waveguide intersections.
(a) Proposed two-dimensional nonblocking 4 x 4 crossbar photonic switch node comprising four identical silicon microring electro-optic switches side-coupled to a MMI-based waveguide crossbar. The dashed arrows depict possible light paths between source nodes 1, 2, 3, and 4. T: transmitter, R: receiver. (b) Schematic of a silicon MMI-based waveguide crossing-coupled microring resonator switch with embedded p-i-n diode. Inset: switching scheme at a signal wavelength O0. Solid line: "off" state transmission spectrum at port T. Dotted line: "on" state transmission spectrum at port T. Vd: driving voltage Figure 1 (a) schematically shows our proposed two-dimensional nonblocking 4 x 4 switch node with four identical microring resonators. Each microring resonator acts as an electro-optic switch grid enabled by carrier dispersion effect. Figure 1(b) illustrates the schematic of the single switch grid with an integrated lateral p-i-n diode. We set signal wavelength O 0 corresponding to an off-resonance wavelength of the microring resonator at off-state (no bias voltage is applied across the p-i-n diode), and also to the blueshifted resonance wavelength of the microresonator at on-state (upon forward biasing the p-i-n diode). Thus, the optical signal at O 0 wavelength launched from port I of the horizontal waveguide is transmitted to port T when the switch is off, and is routed to the vertical port D when the switch is on.
This 4 x 4 switch node can be controlled by a simple routing algorithm which permits arbitrary one-to-one a2188_1.pdf
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978-1-55752-859-9/08/$25.00 ©2008 IEEE interconnection between four source nodes. We see that no more than one microring switch needs to be switched on for establishing any single light path (except for self-communication). Besides, communications between two source nodes connected in the same direction (e.g. nodes 1 and 3) consume no switching power. Assuming a microring with resonance Q of ~10 4 , we see that a minimum resonance wavelength shift for the switching is ~0.15 nm in the 1550 nm wavelengths. Such spectral shift can be induced by carrier injection of 1x10 , intrinsic region width =1.05 Pm). We remark that our previous work on 10-Pm-diameter silicon microdisk resonator switch with embedded lateral p-i-n diode [3] suggested that in practice a ~20 PW power dissipation may be required (in part due to current leakage) for a 0.06 nm wavelength tuning. We also expect that our switch node should have a switching speed on the order of ns -sub-ns [3, 4] using carrier-injection-based electro-optic effect, and therefore suitable for packet switching. Another important advantage of the microring crossbar switch is the compact device structure enabling an overall ~100 Pm x ~100 Pm foot-print for a 4 x 4 switch node. As a proof-of-concept, Fig. 2 (a) shows the scanning electron micrograph of the fabricated device. The inset shows a zoom-in view of the MMI crossing design according to our previous work [2] . Figure 2(b) shows the measured TE-polarized throughput-port transmission spectrum and the two drop-port transmission spectra. We see the Q-factor exceeds 10 4 and the extinction ratio exceeds 10 dB. Figure 2 (e) shows the measured transmission spectra for four cascaded MMI-based and controlled plain crossing coupled microring resonators at off-resonance wavelengths. We attribute the modulations to multiple-interference of the waveguide end-face reflections. The four cascaded MMI crossings induce in average an extra loss of ~ 1 dB compared with the controlled waveguide of the same width ~ 0.4 Pm. This represents in average a ~ 4 dB loss improvement compared with the controlled cascaded plain crossings which is consistent with our earlier work [2] . Hence, based on our previous work [2] and [3] , we see that it is entirely feasible to realize our proposed switch node. Further design and fabrication of the proposed cross-connect switch node using lateral p-i-n diode integrated microring resonators are in progress.
